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Abstract
Background: Peripheral tissue inflammation initiates hyperalgesia accompanied by tissue acidosis, nociceptor
activation, and inflammation mediators. Recent studies have suggested a significantly increased expression of acid-
sensing ion channel 3 (ASIC3) in both carrageenan- and complete Freund’s adjuvant (CFA)-induced inflammation.
This study tested the hypothesis that acupuncture is curative for mechanical hyperalgesia induced by peripheral
inflammation.
Methods: Here we used mechanical stimuli to assess behavioral responses in paw and muscle inflammation
induced by carrageenan or CFA. We also used immunohistochemistry staining and western blot methodology to
evaluate the expression of ASIC3 in dorsal root ganglion (DRG) neurons.
Results: In comparison with the control, the inflammation group showed significant mechanical hyperalgesia with
both intraplantar carrageenan and CFA-induced inflammation. Interestingly, both carrageenan- and CFA-induced
hyperalgesia were accompanied by ASIC3 up-regulation in DRG neurons. Furthermore, electroacupuncture (EA) at
the ST36 rescued mechanical hyperalgesia through down-regulation of ASIC3 overexpression in both carrageenan-
and CFA-induced inflammation.
Conclusions: In addition, electrical stimulation at the ST36 acupoint can relieve mechanical hyperalgesia by
attenuating ASIC3 overexpression.
1. Background
Inflammatory pain is crucial, disabling, and difficult to
treat clinically. It includes both cell and non-cell immune
inflammatory components. This type of pain is usually
associated with peripheral tissue damage, ischemia,
hypoxia, acidosis, and inflammation [1,2]. Tissue injury
always results in inflammation that is often accompanied
by sensitization of nerve terminal nociceptors innervating
into the injury site. It is often initiated by a complex sig-
naling to activate a complex response which alters the
excitability of sensory neurons [3,4]. Chronic inflamma-
tion of injured regions usually increases the expression of
inflammatory mediators such as cytokine, interleukin,
proton, histamine, bradykinin, prostaglandin, and mast
cells to activate immune cells and nerve terminals [5].
These mediators can bind to their specific receptors and
further activate nociceptors to enhance the neuronal
transduction to deliver pain signals.
Inflammation pain can be separated into primary
hyperalgesia and secondary hyperalgesia. Recently, an
animal model of inflammation pain was induced by injec-
tion of carrageenan or CFA into the peripheral tissue to
induce both primary and secondary hyperalgesia [6,7]. By
definition, an enhanced nociceptive response to noxious
stimuli in an injury site is defined as primary hyperalge-
sia. For instance, mechanical hyperalgesia of the knee
was initiated with carrageenan injected into the knee
joint [8]. In contrast, an increased nociceptive response
to noxious stimuli outside of the injured area is always
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mechanical and heat hyperalgesia of the paw was
observed in mice after carrageenan inflammation in the
muscle [9]. Inflammation can sensitize nerve nociceptors
both in peripheral and central nerve systems. This can
enhance neuronal excitability and increase responses to
mechanical stimuli following inflammation [10,11]. Dor-
sal root ganglion (DRG), the spinal cord dorsal horn
(SCDH), and brain neurons show increased nociceptive
receptors and a decreased threshold to noxious stimula-
tion during inflammation [12].
Many ion channels and receptors participate in inflam-
mation pain, including acid sensation ion channels 3
(ASIC3), transient receptor potential vanilloid 1
(TRPV1), voltage dependent sodium channel (Nav), and
calcium channels [13]. Several inflammatory reagents
such as carrageenan, kaolin, and Complete Freund’s adju-
vant (CFA) have been widely used in pain investigation.
Carrageenan is often used to produce non-immune-
mediated inflammation [14]. Injection of carrageenan
into the paw or gastrocnemius muscle (GM) can induce
inflammatory responses with an increase of mast cells,
neutrophils, and macrophages. CFA is constituted of an
antigen solution with heat inactivated Mycobacterium
tuberculosis to potentiate the cell-mediated immune
response and inflammation [15]. Microinjection of CFA
into the plantar paw or GM can evoke persistent inflam-
matory hyperalgesia [7,16].
ASIC3 is mainly expressed in peripheral sensory neu-
rons and is the most sensitive channel for acid detection
[17]. ASIC3 can be activated within a narrow range of
acidic pH (7.2-6.9) and enhanced by arachidonic acid and
lactate [18,19]. ASIC3 participated in mechanical but not
heat hyperalgesia after carrageenan-induced inflammation
of the paw and repeated acid injection induced chronic
pain [7,20]. Four genes encode 7 subtypes of receptors:
ASIC1a, ASIC1b, ASIC2a, ASIC2b, ASIC3, ASIC4, and
ASIC5. All of the ASIC superfamily are expressed in sen-
sory neurons, especially ASIC3 [21,22].
Electroacupuncture (EA) belongs to traditional Chinese
medicine (TCM). It has often been used to treat demen-
tia induced by stroke [23], polycystic ovary syndrome
[24], and pain [25]. Acupuncture analgesia is widely
accepted. Recent studies show that the analgesic effect of
acupuncture is mediated by the release of endogenous
opiates [26], serotonin [27], and adenosine [28]. Low fre-
quency electroacupuncture can induce enkephalin and
adenosine release to activate opioid μ receptors and ade-
nosine A1 receptors, respectively. In contrast, high fre-
quency stimulation can release dynorphins to activate 
receptors [26].
Although the analgesic role of acupuncture is well
documented, the detailed mechanisms are still unclear,
especially its relationship to ASIC3. The purpose of this
study was to identify the role of ASIC3 in acupuncture-
mediated analgesia in carrageenan- and CFA-induced
inflammation pain. Primary hyperalgesia was induced
and investigated with an inflammatory inducer delivered
through an intraplantar microinjection. Our results
showed that ASIC3 was necessary for both carrageenan-
and CFA-induced primary mechanical hyperalgesia. We
also found that EA at the Zusanli (ST36) with 2 Hz low
frequency stimulation can reduce the pain threshold by
decreasing the expression of ASIC3 in peripheral DRG
neurons.
2. Methods
2.1 Animals
CD1 mice at 8 to 12 weeks old were used and kept on a
12 h light-dark cycle with sufficient water and food. The
animal behavioral tests were conducted blind with
experimental groups. The usage of these animals was
approved by the Institute of Animal Care and Use Com-
mittee of China Medical University, Taiwan, following
the Guide for the use of Laboratory Animals (National
Academy Press). The number of animals used and their
suffering was minimized.
2.2 EA treatment
EA treatment was applied using stainless steel needles
which were inserted into the muscle layer to a depth of
2-5 mm at ST36. A Trio-300 (Japan) stimulator deliv-
ered electrical square pulses for 20 min with a 100 μs
duration and a 2 Hz frequency. The stimulation ampli-
tude was 1 mA. The same treatment was given to nona-
cupoint (the gluteal muscle) to set as the sham control
group.
2.3 Animal behavior of mechanical hyperalgesia
Mechanical hyperalgesia behavior was tested at 1, 2, 4, and
7 days after intraplantar injections of carrageenan or CFA.
All experiments were performed at room temperature
(approximately 25°C) and the stimuli were applied only
when the animals were calm but not sleeping or grooming.
Mechanical scores were measured by testing the number
of responses to stimulation. Five applications of von Frey
filaments were delivered. Animals were placed on a plexi
wire platform in an acrylic chamber and allowed 1 hr for
acclimatization. A von Frey filament of 0.02 g bending
force was used as the baseline stimulation. A von Frey fila-
ment was applied to each hind paw 5 times, with a 30-sec
interval between each application.
2.4 Immunohistochemistry
A n i m a l sw e r ea n e s t h e t i z e dw i t ha no v e r d o s eo fc h l o r a l
hydrate (400 mg/kg, i.p.) and intracardially perfused with
saline followed by 4% paraformaldehyde. L3-L5 DRG
neurons were immediately dissected and post-fixed with
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in 30% sucrose for cryoprotection overnight, embedded
in OCT, rapidly frozen using liquid nitrogen, and stored
at -80°C. Frozen sections were cut 15-μmt h i c ko na
cryostat and mounted on glass slides. Slides were incu-
bated with blocking solution containing 3% BSA, 0.1%
Triton X-100, and 0.02% sodium azide in PBS for 2 hours
at room temperature. After blocking, slides were incu-
bated overnight with primary antibodies prepared in a
blocking solution at 4°C (rabbit anti-ASIC3, 1:1000, Alo-
mone Lab, Jerusalem, Israel). The secondary antibodies
were 6 μM Alexa Flour
® donkey-anti-rabbit 594 IgG
(Molecular Probes, Carlsbad, CA, USA). The stained
DRG neurons were then examined using an epi-fluores-
cent microscope (Olympus, BX-51, Japan).
2.5 Western blot analysis
DRG neurons were immediately excised to extract pro-
teins. The total protein was prepared by homogenizing the
DRGs in cold radioimmunoprecipitation (RIPA) buffer
containing 50 mM Tris-HCl pH 7.4, 250 mM NaCl, 1%
NP-40, 5 mM EDTA, 50 mM NaF, 1 mM Na3VO4, 0.02%
NaN3 and 1 × protease inhibitor cocktail (AMRESCO).
The extracted proteins (30 μg per sample assessed by BCA
protein assay) were subjected to 8% SDS-Tris glycine gel
electrophoresis and transferred to a PVDF membrane.
The membrane was blocked with 5% nonfat milk in TBST
buffer (10 mM Tris pH 7.5, 100 mM NaCl, 0.1% Tween
20), and incubated with anti-ASIC 3 (1:1000) subtype anti-
body (Alomone Labs Ltd) in TBST with 1% bovine serum
albumin for 1 hour at room temperature. Peroxidase-
conjugated anti-rabbit antibody (1:5000) was used as a sec-
ondary antibody. The bands were visualized by an
enhanced chemiluminescencent substrate kit (PIERCE)
with LAS-3000 Fujifilm (Fuji Photo Film Co. Ltd). Where
applicable, the image intensities of specific bands were
quantified with NIH ImageJ software (Bethesda, MD,
USA).
2.6 RNA isolation and Real-time PCR
DRGs were dissected 24 hours after treatment and frozen
on dry ice. The tissues were stored at -80°C until RNA
extraction. RNA was extracted by Multisource Total
RNA Miniprep Kit (Axygen Biosciences, Union City, CA,
USA) under standard protocol. 600 μgR N Aw a ss u b -
jected to reverse-transcription PCR for converting to
cDNA. RNA was first mixed with 1 μl 250 ng Oligo dT18
and 1 μl 10 mM dNTP and heated at 65°C water bath for
5 min and then put on ice for 1 min. 4 μl 5 × First-Stand
Buffer, 1 μl 0.1 M DTT, 1 μlR N a s e O u ta n d1μlS u p e r -
Script III Reverse Transcriptase (Invitrogen, Carlsbad,
CA, USA) were then added to the mixture. The mixture
was incubated at 50°C for 1 hour and inactivated at 70°C
for 15 minute to complete the reverse transcription.
Asic3 gene expression was measured using FastStart
Universal SYBG Green Master (Roche, Indianapolis, IN,
USA) on ABI 7500 Fast Real-Time PCR system (Applied
Biosystem, Carlsbad, CA, USA). Reactions were per-
formed in duplicate. Asic3 gene expression was normal-
ized to house keeping gene-glyceraldehyde 3-phosphate
dehydrogenase (Gapdh) in each sample. For Asic3,t h e
primer sequences were 5’-CCCTGTGGACCTGA-
GAACTT-3’ and 5’-CTGCTCACC ACTCCTAAGGG-3’.
And for Gapdh, the primers sequences were 5’-GGAGC-
CAA ACGGGTCATCATCTC-3’ and 5’-GAGGGGC-
CATCCACAGTCTTCT-3’. Data are shown as relative
expression of control groups.
2.7 Statistic analysis
All statistic data are presented as the mean ± standard
error. Statistical significance between control, inflamma-
tion, EA-sham, and EA group was tested using the
ANOVA test, followed by a post hoc Tukey’st e s t( p <
0.05 was considered statistically significant).
3. Results
3.1 Carrageenan- and CFA-induced inflammatory
hyperalgesia was attenuated using 2 Hz low frequency
EA at the ST36 acupoint
To test the mechanical hyperalgesia in inflammation pain,
the mechanical stimuli were examined in both ipsilateral
and contralateral paws. Figure 1a shows that control,
sham, and acupuncture treated mice had a normal
response to the von Frey filaments following a saline injec-
tion. The saline injection did not induce mechanical
hyperalgesia at 7 days after injection in this series experi-
ments (Figure 1a, 0.8 ± 0.2 of control, 0.9 ± 0.2 of EA-
sham, 0.8 ± 0.1 of EA, n = 9). After carrageenan injection,
mice developed mechanical hyperalgesia with an increase
in the number of withdrawals to mechanical stimuli which
were applied to the paw ipsilateral to the inflammation
side. No hyperalgesia responses were observed on the con-
tralateral sides of the injections (data not shown). These
phenomena were also reported in previous studies [7,29].
At 5 applications of the filaments, carrageenan-induced
inflammatory paws displayed a hyperactive response on
day 1 and maintained it for 7 days. (Figure 1b, solid circle,
2.9 ± 0.3 of day 1 and 2.7 ± 0.4 of day 7, n = 9). To test if
EA treatment plays a role in the development of inflam-
mation pain, EA was delivered at the ST36 acupoint at 2
Hz for 20 min. When the mice received the EA treatment,
mechanical hyperalgesia attenuated at day 7 after intra-
plantar carrageenan injection (Figure 1b, 1.1 ± 0.4, open
square, n = 8). In the sham group, this did not occur in
EA treatment with electrical stimulation at nonacupoint at
day 7 (Figure 1b, 2.3 ± 0.2, open circle, n = 9). To make a
comparison with carrageenan-induced inflammation pain,
EA treatment was investigated to see if it could reverse
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At 7 days after the intraplantar CFA injection, animals
showed an increased withdrawal to mechanical stimula-
tion which indicated mechanical hyperalgesia (Figure 1c,
solid circle, 2.7 ± 0.3, n = 9). EA treated mice also dis-
played a decreased withdrawal to mechanical stimuli, sug-
gesting that it had a curative effect on CFA-induced
inflammation pain (Figure 1c, open square, 1.3 ± 0.2, n =
9). Figure 1c shows that these effects were not observed in
animals with sham operation (open circle, 2.3 ± 0.3, n =
9). These results significantly reflected the dramatic cura-
tive effect of EA treatment in both carrageenan- and CFA-
induced primary inflammation pain. Similar results were
also observed in secondary pain induced by intramuscular
injection. Figure 1d shows that intramuscular injection of
saline did not produce hyperalgesia in the control, EA-
sham, and ET-ST36 groups. Intramuscular injection of
carrageenan induced mechanical hyperalgesia in the con-
trol group. This pattern was reversed using EA on
the ST36 group (Figure 1e, open square, 1.2 ± 0.2, n = 9)
but not on the EA-sham group (Figure 1e, open circle,
2.2 ± 0.2, n = 9). This phenomenon can also been seen in
CFA-induced secondary pain. Intramuscular injection of
CFA dramatically induced mechanical hyperalgesia which
was subsequently abolished with EA at the ST36 acupoint
(Figure 1f, open square, 1.2 ± 0.1, n = 9). This did not
occur in the sham group (Figure 1f, open circle, 2.2 ± 0.2,
n=9 ) .
3.2 The expression of ASIC3 was up-regulated at day 4
after intraplantar carrageenan-mediated inflammation
and further down-regulated using 2 Hz EA stimulation
using immunohistochemistry staining
The ASIC3 immunoreactivity in the DRG from the con-
trol animals was examined to test whether the ASIC3-
positive afferents innervating into peripheral tissue sites
played a critical role in inflammation. The results
showed that ASIC3 was observed in control DRG neu-
rons (Figure 2a). The expression patterns were not sig-
nificantly different between the inflamed site and the
contralateral one (Figure 2b). In the carrageenan-
injected mice, the expression of ASIC3 greatly increased,
Figure 1 Primary and secondary inflammation-induced hyperalgesia through carrageenan and CFA injection in paw. Primary and
secondary inflammation-induced hyperalgesia through carrageenan and CFA injection in paw. (a) von Frey filament test in mice from
intraplantar injection of saline. (b) von Frey filament test in mice from intraplantar injection of carrageenan. (c) von Frey filament test in mice
from intraplantar injection of CFA. (d) von Frey filament test in mice from intramuscular injection of saline. (e) von Frey filament test in mice
from intramuscular injection of carrageenan. (f) von Frey filament test in mice from intramuscular injection of CFA. Con: control mice; EA-sham:
needles inserted at the ST36 acupoint without electrical stimulation, EA-ST36: needles inserted at the ST36 acupoint with electrical stimulation. *p
< 0.05, compared to baseline.
#p < 0.05, comparison between Con and EA-ST36 groups. CFA = complete Freund’s adjuvant.
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induced inflammation (Figure 2c). Otherwise, the carra-
geenan-induced increase of ASIC3 expression only influ-
enced the ipsilateral site at day 4 after inflammations
(Figure 2d). With the use of 2 Hz EA treatment at the
ST36 acupoint, the effect of the carrageenan-induced
enhancement of ASIC3 expression reduced (Figure 2e).
This EA phenomenon was observed in the inflamed site
but not the contralateral one (Figure 2f). These results
implied that carrageenan-induced inflammation can
increase the expression of ASIC3 and that the effect can
be further down-regulated by a 2 Hz EA application.
3.3 The expression of ASIC3 was up-regulated at day 4
after intraplantar CFA-mediated inflammation and further
down-regulated by 2 Hz EA stimulation using
immunohistochemistry staining
ASIC3 expression during cell immune mediated inflamma-
tion was examined. CFA was intraplantarly injected into
the mice paws to identify this issue. To serve as a control,
ASIC3 immunoreactivity in DRG was confirmed in saline-
injected sham control animals. The results showed that
ASIC3 was exited in control DRG neurons (Figure 3a). The
expression patterns were not significantly different in the
injected or contralateral site (Figure 3b). In CFA-inflamed
Figure 2 ASIC3 was increased in lumbar DRGs. ASIC3 was increased in lumbar DRGs in intraplantar carrageenan-induced hyperalgesia and
further attenuated by EA at ST36 acupoint in mice. (a) ASIC3 immunoreactive neurons were found in lumbar DRGs in ipsilateral site of saline-
injected group. (b) ASIC3 immunoreactive neurons were found in contralateral site of saline-injected group. (c) ASIC3 immunoreactive neurons
were increased in ipsilateral site of carrageenan-induced inflammation. (d) ASIC3 immunoreactive neurons were not increased in contralateral site
of carrageenan-induced inflammation. (e) Carrageenan-induced increase of ASIC3 was attenuated by EA in ipsilateral site of inflammation. (f)
ASIC3 immunoreactive neurons were not altered by EA in contralateral site of inflammation. Arrows indicated immunoreactive neurons of ASIC3.
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suggested that ASIC3 was involved in CFA-induced
inflammation (Figure 3c). In contrast, the CFA-mediated
enhancement of ASIC3 expression was only observed in
the ipsilateral site but not the contralateral site (Figure 3d).
With the use of 2 Hz EA treatment, the effect of the CFA-
induced enhancement of ASIC3 expression was reduced
(Figure 3e). This EA phenomenon was observed in the
injected site but not the contralateral one (Figure 3f).
These results suggest that CFA-induced inflammation
can increase the expression of ASIC3 and that the
phenomenon can be further down-regulated by a 2 Hz EA
manipulation.
3.4 The quantity of ASIC3 was enhanced by intraplantar
carrageenan injection and reversely down-regulated by
2 Hz EA stimulation using western blot
To determine if the ASIC3 protein quantity was consis-
tently upregulated with inflammation, western blot was
employed. In the control group, ASIC3 proteins were
normally expressed in both ipsilateral (Figure 4a, left
panel, n = 9) and contralateral DRG neurons (Figure 4b,
Figure 3 ASIC3 was increased in lumbar DRGs in intraplantar CFA-induced hyperalgesia. ASIC3 was increased in lumbar DRGs in
intraplantar CFA-induced hyperalgesia and decreased by EA at ST36 acupoint in mice. (a), (b) ASIC3 immunoreactive neurons were found in
lumbar DRGs in both ipsilateral and contralateral site of saline-injected group. (c) ASIC3 immunoreactive neurons were increased in ipsilateral site
of CFA-induced inflammation. (d) ASIC3 immunoreactive neurons were not increased in contralateral site of CFA-induced inflammation. (e) CFA-
induced increase of ASIC3 was attenuated by EA in ipsilateral site of inflammation. (f) ASIC3 immunoreactive neurons were not altered by EA in
contralateral site of inflammation. Arrows indicated immunoreactive neurons of ASIC3.
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with carrageenen-induced inflammation (Figure 4a, mid-
dle panel, 110.8 ± 0.1% compared with control group,
n = 9, p < 0.05). These patterns were not observed in
the contralateral site (Figure 4b, middle panel, 98.6 ±
0.1% compared with control group, n = 9, p > 0.05).
The increased expression of ASIC3 proteins could be
down-regulated with a 2 Hz electrical stimulation at the
ST36 acupoint at the inflammation site (Figure 4a, right
panel, 99.4 ± 3.1% compared with inflamed group, n =
9, p < 0.01) but not at the contralateral site (Figure 4b,
right panel, 98.9 ± 2.4% compared with inflamed group,
n = 9, p > 0.05). Low frequency electrical stimulation at
the ST36 acupoint decreased carrageenan-induced high
levels of ASIC3 expression. Similar results were also
observed in CFA-induced inflammation. In the controls,
ASIC3 existed in both ipsilateral (Figure 4c, left panel,
n = 9) and contralateral DRG neurons (Figure 4d, left
panel, n = 9). ASIC3 increased in the CFA-injected
group (Figure 4c, middle panel 137.1 ± 2.2% compared
with control group, n = 9, p < 0.01). These results were
not found in the contralateral site (Figure 4d, middle
panel, n = 9, p > 0.05). The increased expression of
ASIC3 was down-regulated by a 2 Hz EA at the ST36
acupoint in the ipsilateral (Figure 4c, right panel, 97.4 ±
3.7% compared with inflamed group, n = 9, p < 0.01),
but not the contralateral, site (Figure 4d, right panel,
98.3 ± 2.4% compared with inflamed group, n = 9, p >
0.05). These results demonstrated that low frequency
EA at the ST36 acupoint can successfully reverse
inflammation-induced ASIC3 overexpression in both the
carrageenen and CFA-induced models.
3.5 The expression of ASIC3 was increased by intraplantar
carrageenan and CFA injection and reversely down-
regulated by EA manipulation using Real-time PCR
We used Real-time PCR to further test if the ASIC3
mRNA quantity was consistently increased with inflamma-
tion. In control, ASIC3 mRNA was normally and similarly
existed in both ipsilateral (Figure 5, 100 ± 8.8%, n = 3) and
contralateral DRG neurons (Figure, 100 ± 5.8%, n = 3).
ASIC3 mRNA was increased with carrageenen-induced
inflammation (Figure 5, 291.7 ± 3.3% compared with con-
trol group, n = 3, p < 0.01). Similar results were not
observed in the contralateral site (Figure 5, 91.4 ± 5.3%
compared with control gr o u p ,n=3 ,p>0 . 0 5 ) .T h e
enhanced expression of ASIC3 mRNA could be further
down-regulated with a 2 Hz EA at the inflammation site
(Figure 5, 58.8 ± 22.1% compared with control group, n =
3 ,p>0 . 0 5 )b u tn o ta tt h ec o n t r a l a t e r a ls i t e( F i g u r e5 ,
68.3 ± 17.3% compared with c o n t r o lg r o u p ,n=3 ,p>
0.05). Low frequency EA ameliorated carrageenan-induced
increase of ASIC3 expression. Similar phenomena were
also observed in CFA-induced inflammation. In control,
ASIC3 was expressed in both ipsilateral (Figure 5, 100 ±
4.4%, n = 3) and contralateral DRG neurons (Figure 5,
100 ± 6.2%, n = 3). The mRNA was increased in the CFA-
injected group (Figure 5, 451.5 ± 17.2% compared with
Figure 4 ASIC3 was increased in lumbar DRGs in both intraplantar carrageenan- and CFA-induced hyperalgesia. ASIC3 was increased in
lumbar DRGs in both intraplantar carrageenan- and CFA-induced hyperalgesia and further attenuated by EA at ST36 acupoint in mice. (a) ASIC3
proteins were increased in ipsilateral site of carrageenan-mediated inflammation and ameliorated by EA at ST36 acupoint (b) ASIC3 proteins
were not changed in contralateral site of carrageenan-mediated inflammation and EA stimulation. (c) ASIC3 proteins were increased in ipsilateral
site of CFA-induced inflammation and attenuated by EA at ST36 acupoint (d) ASIC3 proteins were not altered in contralateral site of CFA-
mediated inflammation and EA stimulation.
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not observed in the contralateral site (Figure 5, 96.3 ±
15.1%, n = 3, p > 0.05). The enhanced expression of
ASIC3 mRNA was decreased by low frequency EA in the
ipsilateral (Figure 5, 237.6 ± 4.5% compared with inflamed
group, n = 3, p < 0.01), but not the contralateral site
(Figure 5, 115.1 ± 7.9% compared with inflamed group,
n = 3, p > 0.05). The above results suggested that 2 Hz EA
at the ST36 acupoint can reliably reduced inflammation-
induced ASIC3 mRNA overexpression in both the carra-
geenen and CFA-induced models.
4. Discussion
In the current study, we first established an animal model
of inflammatory pain with a microinjection of carrageenan
and CFA. Animals with inflammatory pain showed
mechanical hyperalgesia using a von Frey filament test.
Stimulation with a 2 Hz EA at the ST36 acupoint success-
fully reduced inflammatory hyperalgesia in both carragee-
nan and CFA groups. ASIC3 expression increased with
inflammatory hyperalgesia and was then down-regulated
with a 2 Hz EA stimulation, as observed with immunohis-
tochemistry staining and Western blot technique. We
further examined the physiological function of ASIC3
using a whole cell recording technique. Our results
showed that both the amplitude and percentage of ASIC3-
like currents were potentiated in inflammatory hyperalge-
sia and decreased in the EA group. These phenomena
revealed the crucial role of ASIC3 in inflammatory
hyperalgesia and the therapeutic role of EA at the ST36
acupoint.
Recent studies have shown that injections of inflamma-
tory inducers result in Nav, TRPV1 and ASIC3 overex-
pression in DRG neurons [2,30,31]. ASIC3 in primary
afferent fibers respond to mechanical hyperalgesia of the
paw after inflammatory inducer or repeated acid injection
in GM [7,29]. Intramuscular injection of non-selective
ASIC blocker amiloride or selective blocker A-317567
prevents mechanical hyperalgesia in mice [2,29]. Interest-
ingly, in the ASIC3
-/- mice model, ASIC3 is not neces-
sary for thermal pain sensation since deletion of the
ASIC protein does not alter its function. The number of
ASIC3 channels greatly increased simultaneously in both
primary and secondary hyperalgesia. This phenomenon
indicated that attenuated ASIC3 overexpression is a
potential tool for hyperalgesia formation. Here we
reported that a 2 Hz EA at the ST36 acupoint can reduce
carrageenan- and CFA-induced inflammatory pain
through attenuating ASIC3 overexpression in peripheral
DRG neurons.
Previous studies have shown that transcutaneous electri-
cal nerve stimulation (TENS) has the ability to reduce sec-
ondary mechanical hyperalgesia of the paw induced by
knee joint inflammation [32,33]. Recently, Vance and col-
leagues have shown that primary mechanical hyperalgesia
induced by joint inflammation can be treated by both low-
and high-frequency TENS. The hyperalgesia withdrawal
threshold was attenuated at 24 hours and 2 weeks after
inflammation but not 4 hours. This suggested that the
effect of TENS on inflammatory hyperalgesia operates in a
time-dependent manner [34]. For TENS, electrodes are
often applied to the injury site. TENS is effective but only
for a short time. The patient must continue receiving
treatment for several days. Recent studies have also shown
that giving either low- or high-frequency TENS on the
ipsilateral or contralateral sides can reduce hyperalgesia
[32,35]. Both low and high frequency TENS-induced
analgesia was attenuated in a2A mutant mice. This phe-
nomenon was also observed with the application of a2
AR-selective antagonist at the peripheral level [33]. Periph-
eral opiate release is also involved in analgesia produced
by low frequency TENS. Blockade of μ-opioid receptors
prevents the curative effect of low, but not high, frequency
TENS [32].
The role of the peripheral and central opioid system in
attenuating inflammatory pain has been well-studied [26].
Intraplantar injection of opioid receptor antagonist nalox-
one can successfully reverse the analgesic effect of EA
treatment [36]. Recently, blockage of b-endorphin and
corticotropin-releasing factor (CRF) also reduced EA
analgesia. A 2 Hz low frequency EA induces the release of
enkephalin, while a 100 Hz high frequency EA increases
the release of dynorphin in the rat [26]. This result can
Figure 5 Comparative quantitative Real-time PCR analysis for
ASIC3 mRNAs from control. Comparative quantitative Real-time
PCR analysis for ASIC3 mRNAs from control, inflamed and EA
groups. ASIC3 mRNA was reliably increased in lumbar DRGs in both
carrageenan- and CFA-induced inflammation pain and further
reduced by EA at ST36 acupoint in mice. There is an only unilateral
increase in ASIC3 mRNA 24 hours after carrageenan or CFA-induced
inflammation. **Significantly greater than control mice (p < 0.01). ##
Significant difference compared with inflamed mice (p < 0.01).
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adenosine, a neuromodulator which serves an analgesic
function, can be released through acupuncture to relieve
inflammation and neuropathic pain. The curative effective
of adenosine requires A1 receptor activation, since this
phenomenon cannot be observed in mice lacking A1
receptors [28]. Direct application of an A1 receptor ago-
nist reduced pain sensation. Similar results can be seen by
inhibiting enzymes involved in adenosine degradation.
The above studies have shown that the opioid and adeno-
sine systems may participate in an analgesic role in both
manual and electro-acupuncture. In the current study, we
found that ASIC3, one of the most sensitive channels in
peripheral inflammatory pain, also modulates the hyperal-
gesia process and can be regulated by a 2 Hz EA stimula-
tion. ASIC3 mediates the effects of the 2 Hz EA.
Interfering with down-regulation of ASIC3 expression
may prolong the clinical benefit of EA.
5. Conclusions
In summary, we tested the changes in the behavior of
ASIC3 protein expression and ASIC3 currents after indu-
cing inflammation with carrageenan and CFA. Mechanical
hyperalgesia features were observed in both carrageenan
and CFA inflammation models. The mice which received
2 Hz electroacupuncture showed more analgesic reactions
to inflammation than those with carrageenan- and CFA-
inflammation. We, thus, further examined the ASIC3 pro-
tein expression using immunohistochemistry and western
blot analysis. Our results showed that ASIC3 greatly
increased in both carrageenan- and CFA-induced inflam-
mation. This phenomenon was significantly reversed with
a 2 Hz EA at the ST36 acupoint. These findings suggest
that ASIC3 is involved in inflammatory hyperalgesia and
that the traditional EA acupoint has a curative effect in
these inflammation models.
Acknowledgements
This work was supported by CMU97-295 and in part by the Taiwan
Department of Health Clinical Trial and Research Center of Excellence
(DOH100-TD-B-111-004).
Author details
1College of Agriculture and Natural Resources, Graduate Institute of
Biotechnology, National Chung Hsing University, Taichung, Taiwan.
2College
of Chinese Medicine, Graduate Institute of Acupuncture Science and
Acupuncture Research Center, China Medical University, Taichung, Taiwan.
3College of Life Sciences, Department of Life Sciences, National Chung Hsing
University, Taichung, Taiwan.
4College of Public Health, Department of
Occupational Safety and Health, China Medical University, Taichung, Taiwan.
5College of Chinese Medicine, School of Chinese Medicine, China Medical
University, Taichung, Taiwan.
Authors’ contributions
WHC and CPH performed animal pain behavior WHC and TJL performed
immunocytochemistry and western blot. CLH, JTCT and YWL designed the
experiment. CLH, TYH and YWL prepared the manuscript and oversaw the
research. All authors have read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 10 May 2011 Accepted: 9 November 2011
Published: 9 November 2011
References
1. Steen KH, Steen AE, Kreysel HW, Reeh PW: Inflammatory mediators
potentiate pain induced by experimental tissue acidosis. Pain 1996,
66:163-170.
2. Walder RY, Rasmussen LA, Rainier JD, Light AR, Wemmie JA, Sluka KA:
ASIC1 and ASIC3 play different roles in the development of
Hyperalgesia after inflammatory muscle injury. J Pain 11:210-218.
3. Vaughn AH, Gold MS: Ionic mechanisms underlying inflammatory
mediator-induced sensitization of dural afferents. J Neurosci 30:7878-7888.
4. Thakor DK, Lin A, Matsuka Y, Meyer EM, Ruangsri S, Nishimura I,
Spigelman I: Increased peripheral nerve excitability and local NaV1.8
mRNA up-regulation in painful neuropathy. Mol Pain 2009, 5:14.
5. Thacker MA, Clark AK, Marchand F, McMahon SB: Pathophysiology of
peripheral neuropathic pain: immune cells and molecules. Anesth Analg
2007, 105:838-847.
6. Ruskin DN, Kawamura M, Masino SA: Reduced pain and inflammation in
juvenile and adult rats fed a ketogenic diet. PLoS One 2009, 4:e8349.
7. Yen YT, Tu PH, Chen CJ, Lin YW, Hsieh ST, Chen CC: Role of acid-sensing
ion channel 3 in sub-acute-phase inflammation. Mol Pain 2009, 5:1.
8. Ikeuchi M, Kolker SJ, Sluka KA: Acid-sensing ion channel 3 expression in
mouse knee joint afferents and effects of carrageenan-induced arthritis.
J Pain 2009, 10:336-342.
9. Sluka KA, Radhakrishnan R, Benson CJ, Eshcol JO, Price MP, Babinski K,
Audette KM, Yeomans DC, Wilson SP: ASIC3 in muscle mediates
mechanical, but not heat, hyperalgesia associated with muscle
inflammation. Pain 2007, 129:102-112.
10. Ma C, Greenquist KW, Lamotte RH: Inflammatory mediators enhance the
excitability of chronically compressed dorsal root ganglion neurons.
J Neurophysiol 2006, 95:2098-2107.
11. Dubner R, Ruda MA: Activity-dependent neuronal plasticity following
tissue injury and inflammation. Trends Neurosci 1992, 15:96-103.
12. Hoheisel U, Sardy M, Mense S: Experiments on the nature of the signal
that induces spinal neuroplastic changes following a peripheral lesion.
Eur J Pain 1997, 1:243-259.
13. Eisenhut M, Wallace H: Ion channels in inflammation. Pflugers Arch .
14. Vinegar R, Truax JF, Selph JL, Johnston PR, Venable AL, McKenzie KK:
Pathway to carrageenan-induced inflammation in the hind limb of the
rat. Fed Proc 1987, 46:118-126.
15. Stills HF Jr: Adjuvants and antibody production: dispelling the myths
associated with Freund’s complete and other adjuvants. ILAR J 2005,
46:280-293.
16. Decaris E, Guingamp C, Chat M, Philippe L, Grillasca JP, Abid A, Minn A,
Gillet P, Netter P, Terlain B: Evidence for neurogenic transmission
inducing degenerative cartilage damage distant from local
inflammation. Arthritis Rheum 1999, 42:1951-1960.
17. Waldmann R, Champigny G, Bassilana F, Heurteaux C, Lazdunski M: A
proton-gated cation channel involved in acid-sensing. Nature 1997,
386:173-177.
18. Smith ES, Cadiou H, McNaughton PA: Arachidonic acid potentiates acid-
sensing ion channels in rat sensory neurons by a direct action.
Neuroscience 2007, 145:686-698.
19. Immke DC, McCleskey EW: Lactate enhances the acid-sensing Na+
channel on ischemia-sensing neurons. Nat Neurosci 2001, 4:869-870.
20. Sluka KA, Kalra A, Moore SA: Unilateral intramuscular injections of acidic
saline produce a bilateral, long-lasting hyperalgesia. Muscle Nerve 2001,
24:37-46.
21. Lin YW, Min MY, Lin CC, Chen WN, Wu WL, Yu HM, Chen CC: Identification
and characterization of a subset of mouse sensory neurons that express
acid-sensing ion channel 3. Neuroscience 2008, 151:544-557.
22. Chen CC, England S, Akopian AN, Wood JN: A sensory neuron-specific,
proton-gated ion channel. Proc Natl Acad Sci USA 1998, 95:10240-10245.
23. Lin YW, Hsieh CL: Electroacupuncture at Baihui acupoint (GV20) reverses
behavior deficit and long-term potentiation through N-methyl-d-
aspartate and transient receptor potential vanilloid subtype 1 receptors
in middle cerebral artery occlusion rats. J Integr Neurosci 9:269-282.
Chen et al. Journal of Biomedical Science 2011, 18:82
http://www.jbiomedsci.com/content/18/1/82
Page 9 of 1024. Feng Y, Johansson J, Shao R, Manneras L, Fernandez-Rodriguez J, Billig H,
Stener-Victorin E: Hypothalamic neuroendocrine functions in rats with
dihydrotestosterone-induced polycystic ovary syndrome: effects of low-
frequency electro-acupuncture. PLoS One 2009, 4:e6638.
25. Ulett GA, Han S, Han JS: Electroacupuncture: mechanisms and clinical
application. Biol Psychiatry 1998, 44:129-138.
26. Han JS: Acupuncture: neuropeptide release produced by electrical
stimulation of different frequencies. Trends Neurosci 2003, 26:17-22.
27. Chang FC, Tsai HY, Yu MC, Yi PL, Lin JG: The central serotonergic system
mediates the analgesic effect of electroacupuncture on ZUSANLI (ST36)
acupoints. J Biomed Sci 2004, 11:179-185.
28. Goldman N, Chen M, Fujita T, Xu Q, Peng W, Liu W, Jensen TK, Pei Y,
Wang F, Han X, et al: Adenosine A1 receptors mediate local anti-
nociceptive effects of acupuncture. Nat Neurosci 13:883-888.
29. Sluka KA, Price MP, Breese NM, Stucky CL, Wemmie JA, Welsh MJ: Chronic
hyperalgesia induced by repeated acid injections in muscle is abolished
by the loss of ASIC3, but not ASIC1. Pain 2003, 106:229-239.
30. Black JA, Liu S, Tanaka M, Cummins TR, Waxman SG: Changes in the
expression of tetrodotoxin-sensitive sodium channels within dorsal root
ganglia neurons in inflammatory pain. Pain 2004, 108:237-247.
31. Yu L, Yang F, Luo H, Liu FY, Han JS, Xing GG, Wan Y: The role of TRPV1 in
different subtypes of dorsal root ganglion neurons in rat chronic
inflammatory nociception induced by complete Freund’s adjuvant. Mol
Pain 2008, 4:61.
32. Sabino GS, Santos CM, Francischi JN, de Resende MA: Release of
endogenous opioids following transcutaneous electric nerve stimulation
in an experimental model of acute inflammatory pain. J Pain 2008,
9:157-163.
33. King EW, Audette K, Athman GA, Nguyen HO, Sluka KA, Fairbanks CA:
Transcutaneous electrical nerve stimulation activates peripherally
located alpha-2A adrenergic receptors. Pain 2005, 115:364-373.
34. Vance CG, Radhakrishnan R, Skyba DA, Sluka KA: Transcutaneous electrical
nerve stimulation at both high and low frequencies reduces primary
hyperalgesia in rats with joint inflammation in a time-dependent
manner. Phys Ther 2007, 87:44-51.
35. Ainsworth L, Budelier K, Clinesmith M, Fiedler A, Landstrom R, Leeper BJ,
Moeller L, Mutch S, O’Dell K, Ross J, et al: Transcutaneous electrical nerve
stimulation (TENS) reduces chronic hyperalgesia induced by muscle
inflammation. Pain 2006, 120:182-187.
36. Sekido R, Ishimaru K, Sakita M: Differences of electroacupuncture-induced
analgesic effect in normal and inflammatory conditions in rats. Am J
Chin Med 2003, 31:955-965.
37. Han JS, Chen XH, Sun SL, Xu XJ, Yuan Y, Yan SC, Hao JX, Terenius L: Effect
of low- and high-frequency TENS on Met-enkephalin-Arg-Phe and
dynorphin A immunoreactivity in human lumbar CSF. Pain 1991,
47:295-298.
doi:10.1186/1423-0127-18-82
Cite this article as: Chen et al.: Acid-sensing ion channel 3 mediates
peripheral anti-hyperalgesia effects of acupuncture in mice
inflammatory pain. Journal of Biomedical Science 2011 18:82.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Chen et al. Journal of Biomedical Science 2011, 18:82
http://www.jbiomedsci.com/content/18/1/82
Page 10 of 10